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Frequency Band Allocation

The Latest Buzz: 700 MHz FCC Auction
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Google’s Android
- L]
o N The Latest Buzz: Open Access
[ ]
/\ = Open devices, open applications, open services, and open
,4_ networks
b (e = 700 MHz FCC Auction: open devices and open applications
—:::1: s = Google's Android Phone
k e AL = Must See : Sergei Brin (Google Founder)
g n
n
= Software stack for mobile devices that includes an
operating system, middleware and key applications
= Benefits
= Open applications: Free to choose applications, content or
services
= Open devices: Free to use handheld device of choice in
wireless network
= Opens up opportunities to develop a host of new solutions
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Femtocells

ZoneGate takes most power-hungry
UMTS users off the macrocell

Broadband carries traffic 1o

operator’s network using
) standards-based protocols

lub, SIF and UMA

= Femtocell \((((

* In-home wireless
access point

= Competing with WiFi

* Improve cellular
system performance

= Ubiquisys, several il
large vendors ZaneGate provides —

. GSM/UMTS

(Samsung, Nokia- coverage
Seimens, etc)

GEM/UMTS
localised
air interface

Standard
GSM/UMTS

ZoneGale is low-power, Condensed

self-configuring to subset of
minimise interference 056 services environment mobile
supporting operator and network

third party applications
Source: Alcatel 2006 Source: www.3g.co.uk/PR/Feb2007/ZoneGatelnHome.gif
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The Latest Buzz: WiMAX Versus LTE

Differentiators

Network/Legacy

Market Readiness

Market Momentum

2009 Spring

WIMAX LTE t

P BHY |

No legacy dependency —  Legacy 3GPP —complex
simple IP infrastructure infrastructure

Standards: 2009
Commercial: 2010

Standards: 2006
Commercial: 2007-

Fixed Wireless 3GPP leading globally

New entrant to mobile Developed world -

wireless: Greenfield and Verizon, Vodafone, China
developing regions Mobile, NTT DoCoMo and AT&T
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The Pioneers of Mobile Communication

It all started 100 years ago

Heinrich Hertz, 1857-1894
» Electromagnetic waves 1887

Guglielmo Marconi 1874-1937
e First radio 1897

Reginald Fessenden 1866-1932
e Voice transmission over radio 1906
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The Titanic
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First Mobile Radio Telephone
1924
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Claude Elwood Shannon
L |

>

Claude Elwood Shannon
(1916 - 2001)

Father of Information Theory

Electrical engineer, mathematician,
and native son of Gaylord. His creation
of information theory,
the mathematical theory of
communication, in the 1940s and
1950s inspired the revolutionary
advances in digital communications
and information storage that
have shaped the modern world.

This statue was donated by the
Information Theory Society of the
Institute of Electrical and Electronics
Engineers, whose members follow
gratefully in his footsteps.

Dedicated October 6, 2000
Eugene Daub, Sculptor
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Broadband Applications — Endless Opportunities

= Mapping/Location Based Services
— Automatic Vehicle Location, Biometric Services
critical infrastructure protection

Video Services

s
= Push-to-talk '
Retinal =
= Video Streaming — incident scenes, - Scaniere Real-time Car~
) Facial Video Disaster
SeCUrIty Scan Surveillance
¥ =R .
igital f i ponile
- _ ! )
Dlglta Image transfer — disaster Fingerprint Dispatch Centers
scene, photos —
Multimedia Data GPS/GIS

. Collection/Retrieval Location Based Services
= Large files transfer- records, on-

line manuals, emergency protocol

= Biometrics — facial recognition

Patient Route X
Monitoring Navigation First
. . . Images ‘ oo . Responder
= Bioterrorism detection and from site ¥, Tracking
- i Image vy
response sample analysis, plume fmase B
traCklng Databases Incident Mapping
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Mobile Broadband

It's already happening

Meer snelheid,
meer gemak

L g

W eavar stop morking for yous

Mabile Connect Card UMTS/GPRS

Our fast 3G data card makes &
mobile working work &7+

e

IagaAne
HARNE LR

Source: Web advertisements, H2 2004
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SUPERCHANGE YOUS BRAND
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WIRELESS MARKET
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Responding to Crisis — Performance Matters

= Cellular
W Py s gt CDMA2000 CDMA2000
/fg W, — Packet 1x EV-DO 1x EV-DO
- Data Rev 0 Rev A
Mugshot Download =t Zetmestom 3 uuescow
| ;)5629)675 pixels 13 secs 0.067 secs 0.051 secs
£h H‘I 20 kbytes
:ﬁ 287x308 pixels
R E if
?-"{: ?17_2 kbytes 31 secs 0.157 secs 0.121 secs
* -
High Resolution
InC|dent_‘St|" Photo 93 secs 0.467 secs 0.361 secs
j? L 1400x1050 pixels
ipeg .
140 kbytes Upload:
124 secs 7 secs 0.623 secs
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Broadband Wireless Technologies

Mobile Broadband

LTE
EVDO //ireless Voip /
EVDO Rev/ ~_ /Video Conferencing
IRE PR—— Broadcast Video

HSUPA

HSDPA Streaming Video

Web Browsing

CDMA 2000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

As bandwidth becomes ever faster and cheaper, ubiquitous broadband coverage becomes a
reality creating real change for all...
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Increasingly Complex and
_Critical

= Securing personnel and assets against operational incidents and terrorism

= Preventing ecological disasters through secure, reliable SCADA
= Enabling rural doctors to save lives with real-time specialist consultation
= Providing interoperable communications between emergency services

Business critical communications solutions address a complex
customer environment: Growing mobile workforces; need for reliable,
redundant secure connectivity;
integration of new and legacy applications

20
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End to End Business Critical Network

= Local authorities are changing from traditional voice and basic interoffice
communications to high-bandwidth services with extensive use of video and
data

= Unprecedented amounts of bandwidth are required to support this new
scenario

hat are difficult(fp]scale

PSTN/PLMN _Med Gieway

Voice & Multimedia

IMS core & Apps.  NGN voice

= Existing networks are built on legacy tech
or adapt to changing needs

TOWN HALL Access

@

IP Edge &
Aggregation

IP Core

— Wireless
(26 - 3G WiFi - WiMax)

IPTV platform  Head-end

O

, EM/NM___0SS/BSS Data Center

- Optics &
HOSPITAL Wireline Transport
 I— (copper-cable-fiber)

Enterprise
LAN/WAN

Operational Environment
& Customer Rooms
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Wireless Systems
=TI B 1 o e v (0P

Global Network (GN)

D>
e

Digital Audio Broadcast (DAB)
Digital Video Broadcast (DVB)
Mobile TV (DVB-H, MediaFlo)

Broadcast Network (BN)
[ 2G Cellular (AMPS, GSM, 1XRTT)
5 3G Cellular (GPRS, EDGE, 1XEV)
o — - IEEE802.22
=z g Wide Area Network (WAN) Dispatch radio, Paging Systems
i g Microwave radio, wireless backhaul
[] c
£ qu @ Wireless LAN (WiLAN)
k= © (IEEE802.11) Peer2Peer, Ad Hoc
@ % Local Area Network (LAN) Cordless telephones
2 3 Femtocells
£ o o
- S OS~o Bluetooth, UWB
Personal Area Network (PAN) IEEE802.15 - Zigbee,
Sensor Networks (RFID)
2009 Spring 22 NCUE EE & ICE

Mobile
Computing/Entertainment/Commns

Samsung Cameraphone
w/ camcorder

3 vo7 » ° Computing: smaller, faster
» Disks: larger size, small form

» Communications: wireless
voice, data

Multimedia integration: voice,

SONY PSP: mobile gaming
data, video, games

» Blackberry: phone + PDA 23 NCUE EE & ICE

A Day in the Life of a World Cup Fan
R T e IEPRTEVEO Ve
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Evolution of Wireless Communication

Servers,
Databases

Necktop: Brains

Pockettop: =
Mobile phone & E
2009 Spring 25 NCUE EE & ICE

EVOLUTION

2009 Spring

Digital Transmission:

3G

3 , huu e Digital Transmission:
¢ 9ing Services, roted Audio and
3 Fixed Wireless Loop. Integ o an
) Video,
X Mainly Digital Data,
Marrawhand/ Broadband
Mulimedia Services IN
Digital Cellular IR
Technalegy and
Intelligant Network [IN)  Efficient Radio
° Emergence, Micro/Pico  Transmission,
] Celluar Capacity, Data Comprassion,
< Circuit Switched, Higher Frequency
¢  Enhanced Cordlass Spectrum Use,
L Telaphony. IN+Natwark Integration,
Packet Switched.
IN: Intelligent Network
ME: Marrow Band
BB: Broadband
PAN: Parsonal Area Network Evolved 3G
10:20 Mbit/s
1990 2001

Beyond 3G

Digital Transmission:

Tele Location/Presance,
Media Conversion,

True Wireless Internet,
Wireless - Wiraline
Broadband Transparency.

Mabila PAN/WAN,
Ad-Hoc MNatwaorks,
Symmetric Asymmeiric
Transmission,

Software Defined Radio,
Ultra Widaband,
Higher Fraquency Use,
Fuﬁ Packet Switched.

2010 2015

Wireless Broadband Evolution

INEtWOrK EVOl

« Convergence of Communicatio
Computing & CE Platforms

« All-IP Network For Fixed-
Mobile
Convergence (VoIP & data)

" - User Behaviors Trend
from Wired to Wireless

« Co-existence of Different » Multi-mode Devices Connect
Access Networks for Various| to Various Access Networks
Needs

—Coverage, Mobility, Capacity

« Same Rich IP Apps and
Services in all
—Service Requirements, Environments

Availability, Cost ...

QoS, Data Rates ... ~Ubiquitous & Consistent
Experience Desired
2009 Spring 27 NCUE EE & ICE

Multiple air interfaces supported with a
common all-IP based core network

Network Evolution: The Right Technology for the Right Service

¢ Selection of access based on service requirements, availability, cost
¢ Full range of devices access the same content across different IP networks

7

Voice

3

Multimedia PDAs

Y

Laptops

1

Fixed

WLAN < Mobile WAN

< Mobile WAN providing
fixed broadband

20
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Device Evolution: Convergence of Communication,
Computing & CE Platforms

* Multimode devices supporting several air interfaces mm~ «
* PP, PP2, GPS, FLO/DVB-H, 802.11 s_;;- ]"'g
* Embedded WAN in CEs B )

= Handset acts as WAN gateway to CEs (via u:l
UWB or Bluetooth) i

= Continued advances of device capabilities
= New class of computers -- Ultra Mobile PCs
= Mobile microprocessors
= Dual CPU - Up to 1 GHz
= Multimedia
= 3D Graphics, camera, video, display, gamiE
mp3 players
= Large storage capacity for personal media lib
= Video, pictures and music ‘

= Integration at silicon level for lower cost, improved
200§Qpmfactor and increased battery life NCUE EE & ICE

Ultra Mobile PC

Service Evolution: Same Rich IP Apps and Services in

all Environments
= User Trends Shift from Wired to Wireless
= Ever increased demand for more and
higher quality video
= Users sharing content within a

traditional fixed environment (wireless
through the home)

= Place-shifting of content now
accessible at all times and places with
wireless

= Introduction of mobile real-time TV
services via multicast technology

= Individuals becoming content creators

= Handsets now becoming media
generation and storage devices

= Wireless connection to social

networks allows users to express User Generated Content on
themselves anytime, anywhere Social Networks
2009 Spring NCUE EE & ICE

All Roads Lead to 4G (Eventually)

Mobility
+ 1995 2000 2005 2010+
High
Speed
Mobila
Medium {WIBro)
Speed
High speed
WPAN ngBee
5 GHz |o_, MANet
P WLAN 01 440 Wi-Max
Low ETACS 24GH: ‘ L
Speed ITACS 802.11b Bluetooth
NMT PAN
200 kbps >10 Mbps > 50 Mbps —
” - 14.4 kbps 144 kbps 384 kbps <50 Mbps <100 Mbps Rates ICE

=

Wireless Broadband Wide Area Standards 1.andscape

3G 4G
=1992 1998 : #2000 =2002 =2004 : =2006 : *2007 : =2008 : =2009
+
3GPP GSM UMTS HSDPA HSUPA e
(E-UTRAN)
1X EVDO EVDO Rev A EVDO Rev:B
3GPP2CDMA UME
802.16e
|[EEE WiFi/Wi 8G2.11 b/g 802.16¢ WiMA 802.16m
WiMAX
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Effects of Device Portability
One size does not fit all anymore...

Light weight Security
Battery life

Features

Connectivit

& y

Total Cost Services

Service /

Hotline
Screen size Flat rate
2009 Spring 33 NCUE EE & ICE

Vehicle Accident

Portable or fixed mounted cameras can
% be used to capture video or still images
= of avehicle accident to send to
emergency room doctors.

« Video increases emergency room doctor’s knowledge |

" of the mechanism of injury, enabling quicker and

. possibly more accurate treatment

. Biometry data from Incident Scenes enable real time
2009 ¢ monitoring of Patients on the way to the Hospitals EE & ICE

Remote Medical Diagnosis

Cameras inside ambulances can
capture video of patients to send to
emergency room doctors for
consultation.

* Remote diagnosis can shorten the time before treatment
which can potentially save lives and shorten recovery time

20009 Spring 35 NCUE EE & ICE

Wireless Network Design Variables: 5 C’s

COVERAGE
COST
-
CONTROL
\
é
CAPABILITY
\
>
CAPACITY

\
2009 Spring




Wireless Technology Solutions 1 ary
from One County to the Next

-«-?
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L COVERAGE

l COST

| CONTROL

| CAPABILITY

| capacity |

Wireless: The Big Picture...

Personal Portable

Unlicensed Licensed and Unlicensed ed and Unli
Device Connectivity Networking Wireless Services

Depett Lot i Nomadic Low Cellular
Peripherals | Networking ] Backhaul Mobility | WAN
WPAN WiFi Fixed WiFi Mobile Mobile: 2.5G, 3G
802.15.x 802.11 WiMAX 802.11 WiMAX WiMAX - 802.20

Coverageypay < Coveragey, ay < Cover

Source: Intel Corporation/Modified

2009 Spring 38 NCUE EE & ICE

Broadband Wireless Technologies

Mobile
WIMAX
&
3G Evol

Source: WIMAX Forum
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EM Spectrum

ISM band
. 902 — 928 MHz
° S | 2.4 - 2.4835 GHz
& SEN 2 n
& @§ S QD 5.725 — 5.785 GHz
| e | we | we | vk | unr| || JlstF | EnF |
“30kHz 300kHz  3WHz 30MHZ 300MHz " 3GHz 30GHz _'___:;;_ooGFi""
1oi2m,__ 1km 100m 10m m 10¢cm 1Cm 00mm A
e X rays

Gamma rays
—>

T |
1 kHz 1 MHz 1 GHz 1 THz 1 PHz 1 EHz

Propagation characteristics are different in each frequency band
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ISM Radio Spectrum (In Use)

A 33cm 12cm 5cm
26 MHz 83.5 MHz 125 MHz
D —— —
902 MHz 2.4 GHz 5.725 GHz
928 MHz 2.4835 GHz 5.850 GHz
cordless phones 802.11b 802.11a
baby monitors Bluetooth
WaveLan Microwave oven
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Spectrum Regulation

Spectral Allocation in US controlled by FCC
(commercial) or OSM (defense)

FCC auctions spectral blocks for set applications.
= Some spectrum set aside for universal use

Worldwide spectrum controlled by ITU-R

Regulation can stunt innovation, cause economic
disasters, and delay system rollout

ITU-R: International Telecommunication Union-Radio Communication Section
FCC: Federal Communications Commission
OSM: Office of Surface Mining

2009 Spring 42 NCUE EE & ICE

Interplay among Alternative Technologies

*The Game
*The hunter has the power to decide who wins

S MR S e

From Dr. C.K. Mao:
Telecom Regulation
(APEC Workshop)
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Broadband Over Power 1 anes:
The Third Wire

= Based on additional analyses, NTIA
recommended several supplements to
the FCC proposed BPL rules to reduce
risk of BPL interference (June 2004)

* The FCC adopted rules incorporating
most NTIA recommendations on
October 14, 2004.

= Today, many utilities, hotel operators

and others are deploying
experimental and operational BPL

systems.
HomePlug Modem
can turn an electrical
outlet into an Internet
2009 Spring 44  CONnection. NCUE EE & ICE




Cognitive Radio

Fixed radios
are set by their operators

Adaptive radios
can adjust themselves to accommodate
anticipated events

Cognitive radios
are aware of their environment and
learn how to adapt

2009 Spring 45
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BBC News

University Hospital of
¢ North Staffordshire, UK:
< “ Mobile telephones
affect the safe operation
of sensitive medical
equipment we use to
treat patients for
example, syringe
pumps, ventilator
equipment or
pacemakers and because of this the
use of mobile telephones is not
permitted in hospital buildings and
within 3 meters of the exterior of any
building. The use of mobile telephones
in hospitals can also disturb other
patients. When you come into hospital
please leave your mobile telephone at
home and please ask your relatives
and friends to remember to turn off
their mobile telephones before
fﬁntering hospital buildings. *

“... Doctors at a Welsh
hospital are leading the
way in using modern
technology to help speed

up a patient's treatment ...”
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i/

ReLax Boss/
Ton TN Wi
g}gmﬂm?bm,’

"No, you weren't downloaded.
Your were born."
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Wireless Future :
A Seamless Mobile Lifestyle

Seamless connectivity to
all networks, applications,
& services

Anytime Anywhere
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Challenges

Social (e.g. children’s use)

Political (e.g. posting false info)
Policy (e.g. access)

Legal (e.g. copyright)
Technical (e.g. security)

These fundamental issues are closely
intertwined and must be addressed if we

are to realize the opportunities before us.
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A Favorite 2.4 GHz Antenna
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